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ZF: Nutrition and Performance (HS 2015) 
This course should give an overview in the basics of sports and exercise nutrition. How its show how 
nutrition may influence exercise performance, training adaption and how elderly (älteren) people. 
The focus is on nutrition aspects related to human physical and brain performance.  

Basics of Exercise Physiology 
The are different scales of energy system. We distinguish between “immediate”, short-term and 
long-term energy system. 

Energy metabolism and the ATP resynthesise 
In the ATP resynthesis we see three different processes. So there is the ATP-PCr, the glycolytic 
system and the oxidative system. 

• ATP-PCr –System: 
PCr (phosphocreatine) + ADP <=> Cr (creatine) + ATP 

• Glycolytic System: anaerobic-lactic metabolism 
(anaerobic glycolysis) 
Glucose (Glycogen) + P + ADP => Lactate + ATP 

• Oxidative System: aerobic oxidation of glucose and fat 
Glucose + P + ADP + O2 => CO2 + H2O + ATP 
FFAs + P + ADP + O2 => CO2 + H2O + ATP 

The ATP storage is enough for maximal 4 seconds. The ATP and PCr last for 15 seconds. The ATP, 
PCr and the lactic acid last for maximal 1.5 minutes. Every performance for more than 1.5 minutes 
needs the electron transport oxidative phosphorylation. 
The glycolytic system needs only carbohydrates and the oxidative system needs carbohydrates and 
fat. Since nutrients are transported by the blood, the blood volume and the cardiac output are 
important factors for the performance to. 

Exercise Testing 
Measurement of VO2 
VO2(max)  = VE x O2 (insp-exsp) 

• VE = minute Ventilation = Breathing rate x Tidal Volume 
• O2 (insp-exsp) = inspiratory minus expiratory oxygen concentration 

The VO2(max)  of world class endurance athletes can be 80-90 ml*kg-1*min-1 for men and 70 -75 
ml*kg-1*min-1 for women. For normal people it is usually between 40 ml*kg-1*min-1 for untrained 
and 60 ml*kg-1*min-1 after one year of training 

The technology for VO2(max)  - measurement are: 

• VO2 = Oxygen consumption (volume; L/min) 
• VCO2 = Carbon dioxide production (volume; L/min) 
• VE = Minute ventilation (Liter/min): volume of air breathed each minute 
• RER = Respiratory exchange ratio = VCO2/VO2 
• RQ = Metabolic respiratory quotient  
• (VCO2/VO2 in submaximal steady-state conditions, lasting a least 15 min) 
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• VO2 (max) = maximal oxygen consumption (several criteria are applied.; e.x. show a plateau 
in VO2at the end of a maximal graded exercise test; RER > 1.15; blood lactic acid level > 8-9 
mmol/l) 

• VO2 (peak) = maximal oxygen consumption (highest achieved VO2-value during a graded 
exercise test) 

Respiratory exchange ratio (RER) 
This value reflects the pulmonary exchange of and under different physiologic and metabolic 
conditions. It does not exactly mirror the gas exchange of the macronutrient mixture catabolized. In 
practice the precision is often good enough.  
Respiratory Quotient (RQ) 

RQ = CO2 produced / O2 consumed 

• RQ for Carbohydrates: 
RQ = 6 CO2 /6 O2 = 1 

• RQ for Fat: 
RQ = 16 CO2 / 13 O2 = 0.696 

• RQ for Protein: 
RQ = 63 CO2 / 77 O2 = 0.818 

Time to Exhaustion vs. Time Trail 
There is no single Olympic event where athletes are asked to perform as long as possible.  
So time to exhaustion (as long as possible) does not simulate reality. Time Trail (as fast as possible) 
is real life. 

Substrate Oxidation 
The most important question is: How much do carbohydrates and fat contribute to energy production 
(ATP yield) during exercise? 
Mostly we can say, that in trained and fasted endurance athletes the percentage of glycogen 
increasing and the percentage of fat is decreasing. Also muscle- and plasma-glycogen is increasing in 
around the same amount.  
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The fat-oxidation is running right from the start and also before. It does not need 30 minutes until fat 
oxidation starts.  

Muscle Glycogen Store 

 
Fat-max 
The Fat-max is the exercise intensity (%VO2max or %HRmax), where the oxidation of fatty acids is 
the maximal. It relates to exercise intensity and the corresponding fat oxidation rate. Usually the Fat-
max is given in g/min. The rate has a large individual variation.  
The testing-protocol was 12h fasting and the 95W and every 5min 53W more. Every 2 minutes the 
respiratory exchange ratio was measured.  
The Fat-max is higher by walking than by cycling and females have a higher Fat-max than males. 
Trained persons have a higher rate than untrained. The Fat-max is a bit higher if the probands are 
fed.  
Anyway the top athletes rely highly on carbohydrates. In patients the insulin sensitivity is higher 
after after training. 
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Food Pyramids 
So far we do not find guidelines for specialized nutrition designed for athletes.  
The focus of the general guideline systems is mostly on the long-them maintenance of health. The 
find a guideline system for athletes we can extend the general guidelines with the special needs for 
energy and nutrients of athletes.  
The macronutrient intake in sport has to be given in g/kg body mass. The use of % carbohydrates or 
% protein does not make sense. The absolute quantity of nutrient being eaten is important. This 
should be given in g/kg, f/min or g/kg/d.   
Additional Energy 
The additional energy needed depend on the intensity and duration of the exercise. But also the body 
mass of the athletes plays a role.  
Here the general problem is to find the mean energy expenditure covering all exercise types at all 
intensities. We always need to substrate the average energy need of sitting activities (0.025 kcal 
per kg and min).  
The highest aerobic-energy expenditure found was around 0.3 kcal per kg and min. But this 
intensity can only be sustain by a few athletes. 
Moderate expenditure rates are between 0.8 and 0.12 kcal per kg and min. 
So we can define the additional servings, which are practical guidelines for the athlete. 
For some sport it is likely that this values are overestimated. So sports like sprinting or gymnastics, 
where where the force generation is explosive and a long recovery between the activities is needed. 
There the problem can be solved by eating for 1h of exercise while exercising for 2h.  
Iron is the only micronutrient for which women have a greater need than men. 

Macronutrient Intake In Sport 
The need of carbohydrates is increasing linearly with around one g/kg/ body mass per hour of 
exercise per day. 
Carbohydrate 
The normal food pyramid is designed for non-athletes: 

Intake for non-athletes: 3-5 g/kg BM/d  

Athletes with low and moderate training volume: 5-7 g/kg BM/d  
(i.e. ~1-2 h/d)� 

High training volumes of high intensity: 6-10 g/kg BM/d  
(~1-3 h/d) 

Extreme endurance events 8-12 g/kg BM/d  
(i.e. >4-5 h/d) 
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Proteins 
The protein intake is not increasing relative. The requirement is absolute and not relative to the 
exercise duration. The absolute requirements depend mostly on the exercise intensity. 
Old reference values are around 1.4 – 2.0 g/k/d. The reference values protein intake for an athlete is 
about 1.3 – 1-8 g/kg BM/d. 
The increase of protein demand with exercise is relatively flat. High protein is needed in sports with 
lower training volumes and lower energy needs like strength or sprint disciplines. 
Also no additional servings of protein were needed because the intake in the basic pyramid is already 
relativity high. 
Fat 
For fat we find no reference values. As protein the fat intake is not increasing relative. The 
requirement is absolute and not relative. The absolute requirements depend mostly on the exercise 
intensity. 
Athletes with very high training volumes (> 4h) may only be able to cover the energy requirement by 
a proportionally greater intake of fat.  

Fluid Intake 
The basic fluid intake should be 1-2 litres of unsweetened beverages per day. Beverages containing 
caffeine, such as coffee, black tea and green tea, can contribute to liquid intake. 
In for every hour of sports the fluid intake should increase 0.4 – 0.8 l. It should be taken before and 
during sports. 
Usually the intake can be determinate by the fluid balance. 

Fluid balance 
The fluid balance describes the difference between the loss and the supply of fluid. In the fluid 
supply we must not forget the fluid in solid food and the metabolic water. 
The recommended. fluid intake in the basic food pyramid is 1-2 L. Also the recommends of FPSA 
sais to dink 0.4 – 0.8 L.   
The increasing variables during exercise are mostly the sweat losses (2000 ml during 2h). This must 
be compensated by drinking during exercises and rehydration. The fluid loss during exercise mostly 
depends on the environmental conditions.  
The difference is the amount of fluid the athletes should drink during day. If you drink to less, the 
fluid balance is still possible but with a low amount of urine. A suboptimal fluid balance with 
chronic dehydration has a negative effect on performance and recovery.  
Metabolic Water 
The metabolic water, results from the oxidation of macronutrients. So the metabolism of the three 
macronutrients results in: 

• 1 g Glucose:�0.60 g H2O  
• 1 g Tri-Stearinsäure: 1.14 g H2O 
• 1 g Aminosäure: 0.49 g H2O 

During a marathon the metabolic water production is about 350g. The metabolic water increases 
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linearly with increasing energy expenditures. 

Gastric emptying 
The maximal fluid delivery in rates in the stomach during exercise is 1.2 l/h and the lowest is 0.8 l/h. 
The solution to this problem is repetitive drinking. So the intake can be 150 ml every 20 minutes.  

 
The gastric emptying increases with glucose or poly-glucose in the water. It also increasing with fat 
and protein content, dietary fibres, solid food and more calories. Liquid food and food processing is 
decreasing it. 
Drinking Guideline 
The guidelines changed a lot during the last century. At the beginning oft the 20. century the 
scientists advised to drink nothing during marathons. This was the case till the end oft he 60s.  Some 
scientists also said that it could be dangerous during exercise. In the 90s this opinion changed. In 
1996 the regards were to drink as much as can be tolerated. 
In 2007 the regard was to drink 4-8 dl per hour of exercise. .   
Today the are two doctrines. The first is to drink as much as needed to have a maximum weight 
loss of 1-2% of body weight. The other, and this seems the best, is to drink as the thirst sais. 
The body mass loss of world-class male runners is around 8.8 ± 2.1%. According to older studies 
this should leads to collapse. 
Body mass losses of about 1 kg or 1-2% of body mass may be expected during long endurance 
events without reductions in total body water content. 
So it seems the best to drink according to the thirst.  
Mental based sports and coordination a sufficient hydration is often allowed.  
Over-Drinking 
Prevalence at typical endurance events: up to 1/3 of all participants. The problem of over drinking 
can be: 

• Performance (additional weight)  
• Gastrointestinal problems (more volume than necessary)  
• Hyponatremia (Sodium <135 mmol/l)�Often asymptomatic, but occasionally severe and life 

threatening  
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Drinking to less 

• May impair performance (Power/Endurance, Coordination, Field sport performance) 
• Impairs recovery  
• Elevated stress hormones  
• Dry mouth: thirst, susceptibility for infections?  
• Loss of appetite, tiredness  
• Dizziness,  
• Headaches, difficulty to concentrate 
• Collapse  

But a dehydration up to 4% of body-weight does not alter cycling performance. The fluid 
replacement is relying on thirst sensation. 
Further studies 
“To our knowledge, no studies have directly compared the effects on running or cycling performance 
of fluid replacement at rates that prevent dehydration versus rates voluntarily chosen by many 
endurance athletes (e.g., 500 mL/h) who replace only 30-50% of fluid losses.”  
Individualization 
The sweat rate can be very individual. So it can be from around 0.8 up to 2 l per hour of exercise. 
The sweat rate can be calculated with the knowledge of the bodyweight loss and the fluid intake. 
Also the urine colour can be used to individualize the fluid intake. 
Drinking Schedule 

 
Estimated maximal fluid absorption rates around 1.0 bis ~1.2 L / h  

• but less likely possible for running 
• maybe possible for cycling 

Drinking according tot he thirst does not mean to have no drinking plan. You should know how 
much you will drinks to make the drinks ready. 
Also drinking is not the only source of fluids. It also can deliver energy and other ingredients. So you 
also should know how much fluid you need to order your fuelling plan. 
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Micronutrients 
As vitamin D is synthesised in the skin by the sunlight, a lack can be found in the winter month and 
in indoor sports in general can be found. 
Women have a high risk for a deficit. The bioavailability can be worse in a vegetarian diet.  
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The Body Fuel And Energy Stores 
The fuels of the human body are carbohydrates, fat and in a little amount also amino acids. For 
carbohydrates and fat, for protein there is no store. Assuming a body weight of 65 kg and 12% the 
energy stores are around the following. 
During exercise the stores are getting empty according to the intensity. Also the emptying is 
depending on the nutrition on the nutrition before the exercise. The store of the glycogen can be 
restricted during an exercise but the storage of fat is not restricted. 

Carbohydrates 

 amount in g energy stored in kcal 

liver glycogen 100 400 

muscle glycogen 500 2’000 

blood glucose 5 20 

Total 605 2’420 

 

Fat 

 amount in g Energy stored in kcal 

subcutaneous and visceral fat 7’800 70’200 

intramuscular 160 1’440 

Total 7’960 71’640 
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Pre-Competition Nutrition 
Carbo-Loading 
Carbo-loading makes sense for endurance events of around 90 to 120 minutes or longer. Also maybe 
its useful for physically demanding field sports. 
The “Schwedendiet” means to empty the glycogen-stores form the 6th to the 3th day before the event. 
In this days the carbohydrates intake and in conclusion carbohydrates supply is almost zero. The 
relative training load is staying the same till the 3th before the competition.  
In the ”tapering” the glycogen stores are not emptied before reloading. So the carbohydrates-supply 
stays the same until the 3th day before the competition the the supply will be increased. The relative 
training-load is reduced. 
The carbo-loading is not depending on the emptying before the reloading. Its only important that 
the difference between supply and demand is high enough. 
In the loading phase you should eat around 700g KH, 135 g protein and 90 g fat. This is around 4100 
kcal. 
So you need around 10  CHO/ kg BM and a relative low fat and low protein. Carbohydrates rich 
food you like should be selected. Also before and during competition no experiments should be 
done. Also liquid carbohydrates make it easier. 
Carboloader 
Carboloader have around the double amount of carbohydrates than coke and up to free times the 
amount of carbohydrates of isotonic drinks. 
The goal should be eating 6-7 g/kg BM carbohydrates. The rest is by take 250 – 300 g by highly 
concentration carbohydrate drink with each meal.  
They are mostly maltodextrin based and can alsobe self made with a concentration of around 250g/l.  
Muscle glycogen and performance 
In studies with different pre-exercise diets have shown that the performance is not significant better 
with full muscle glycogen stores.  

Few Hours Before 
In the last hours it is important to do a last fuelling. Mostly the liver glycogen should be refilled and 
hunger should be avoided. 
Also is important to get no gastric problem.  
Rule Of Thumb 

• 3-5 hours before: last (normal sized, easy to digest) main meal 
• 2-3 hours before: small meal/snack (easy to digest) if needed 
• 1-2 hours before: small snack possible (small bread, sandwich, sport bar, cereal bar, banana, 

“biberli”, “Läckerli” and liquid meal products 
• last hour: small snack, small pieces/portions 

Modulating Factors 

• exercise intensity reduces GI tolerance 
• nervousness/stress reduce GI tolerance 
• large individual differences 
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Before easy training much more is tolerated. 

Carbohydrate Intake and Perfomance 
A slight hypoglycemia during exercise can be observed. But no higher fatigue reported during the 
hypoglycemia. This hypoglycemia disappear short after exercise started. 
Other studies showed significantly higher performance in time trail with carbohydrate intake in the 
last hour before exercise. 
But most study do not show performance effect. But there are hypoglycemia symptoms in some 
individuals, witch does not correlate with real blood values. These symptoms can be reduced by 
carbohydrate supply during the exercise. Also it can help to focus on lower glycaemic carbohydrates, 
to avoid CHO in the last hour before the competition. 
So its clear that the risk of reduced performance is minimal as almost all studies point towards 
unaltered or even improved. It ca be concluded that advice to avoid carbohydrate feeding in the 
hour before exercise is unfounded. It seems to be advantageous to consume carbohydrates short 
before competitions. To fuelling during exercise is more important. 
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Competition (During-Exercise) Nutrition 
The most important aspect of during-exercise nutrition is to maintain the level of blood-glucose. 
You should never eat something you don’t know during competition. Entrainment is for experiments, 
not competition.  

Carbohydrates During Exercises 
As longer the exercise is, as more carbohydrates you need. Ours stores are not enough.  
With carbohydrates intake during the performance, the time to exhaustion is much longer. This effect 
shows up mostly in performance during longer than two hours and is higher with Multi-CHO than 
for Single-CHO. 
So the value of taking carbohydrates is higher, as longer the exercise is.  

 
Dose-Response 
More is better until a certain level. The intake can be more then optimal because the digestion is 
restricted. Also the digestion needs more energy and the carbohydrates are not oxidized in the 
muscles. Then it can come to gastric problem.  

 
It was tested in two protocols: 

I. The trained athletes (VO2max = 55ml/min/kg) had a training and where fasted overnight. 
Then they were asked to perform two hours at 70% of there VO2max and an additional time-
trail of 20km. 
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II. The trained athletes (VO2max = 65 ml/min/kg) were prepared by a training and a standard 
meal. They were asked to perform for 1.5 hours at 70% of there VO2max and an additional 
time-trail of 15 min. The carbohydrates where given in 

Around 1g/min of carbohydrates intake all carbohydrates are getting oxidized. If its more, the 
rest goes to digestion and is not oxidized. But this can be optimized by mix of different kind of 
carbohydrates.  
A mix of Fructose and Glucose 
The digestion-pathways for glucose and fructose are different. So if you combine them the 
carbohydrate intake is higher in total than with the same amount of total carbohydrates only in form 
of glucose. 
Also the percentage of CHO in the oxidation is higher with am the mix of glucose and fructose than 
for the drink with only glucose and percentage of the external source is higher than with only the 
glucose. In both drinks the total amount of carbohydrates are the same. The oxidation of the 
endogenous CHO was lower with the mixed CHO than with the only the glucose.  

 
The protocol was a cycling performance of 62% VO2max. At the start the had a 600 ml bolus and 
every 15 min the athletes drank 150ml of a drink. Three drinks with different combinations of 
carbohydrates have been compared: 

a) Water: Drink with no CHO 
b) Glucose: Drink with glucose (2.4 g/min CHO) 
c) Mix: Drink with glucose, fructose  and sucrose (2.4 g/min CHO) 

Other studies showed a significant higher performance (+8%) with the mixed (glucose and fructose, 
2:1) drink than with glucose. The total amount of CHO was in both 1.8 g/m. Also the performance 
was better with the carbohydrates than with placebo. 
The gastric emptying and fluid delivery is faster with the mix of glucose than with the solution of 
glucose and than the pure water. 
General recommendation 
Carbohydrates should be taken in regularly small servings. Possible forms are sport drinks 
(commercial or self made), bananas, gels (combine with fluids) and bars. 
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• For endurance events of less than 2 hours you should take in 30-60 g/h.  
• For endurance events of more than 2-3 hours older recommendations says also 30 -60 g/h. 

Newer recommendations the advice is up to 90 g/h  in multiple transportable carbohydrates 
(fructose and glucose). 

Oral mouth rinse 
Data strongly suggests that oral receptor exposure to CHO, via either mouthwash or oral 
consumption (with enough oral contact time), which then stimulates the pleasure and reward centres 
of the brain, provide a CNS-based mechanism for enhanced performance. 
Several practical barriers may prevent athletes from implementing these strategies during high-
intensity endurance competitions. 
The capacity for oxidizing exogenous carbohydrates does not seem to depend on body mass. 
Therefore, carbohydrate recommendations during exercise rely on grams per unit of time.  
Higher activity in the orbitofrontal and dorsolateral prefrontal cortex while mouth rinse. 
Sport Drinks 
A mix of glucose and fructose is the best. But there should not be more than 3% of fructose because 
of the risk of diarrhoea. Standard sports-drink contain around 60-80 g/l of carbohydrates. For 
individual needs also 30-120 g/l of carbohydrates is possible. While endurance events longer than 4-
5 hours there should be 1-2 g/l of sodium. 
The osmolality should be around 200-250 mmol/l. It should be not sparkling and should be acid free. 
So de best self-made sports-drink is with fructose (±30g), maltodextrin  (± 50g) and sodium (1.5 g) 
in 1 litre of water or tea. 
Sport Drinks Versus Water 
The performance is much better with water and CHO together than with only water.  
For less ambitioned athletes (Fitness) it is not so useful drink CHO. The risk that you take more 
energy as you use is big. So it is not what most People wants. Water or nothing (<1 h) is enough. 
Drink if you are thirsty. 
The risk of to high energy input is high. This is better with water or sugar free drinks. Its also not a 
problem to drink nothing for 1 h. Bur you can drink, if you are thirsty. 
Sports-Drink: When? 
Arguments for Sports drink:  

• Whenever the focus is on exercise performance (competition) 
• Elite athletes: for competition and selected trainings�
• Fitness / recreational athletes: for competitions 

Arguments against Sports drink:  

• Fitness / recreational athletes for daily training (e.g. 2-3 sessions / week) 
• Elite athletes for easy trainings or intentional fasted trainings�
• If weight reduction / control is a main aspect of the training  

Proteins During Exercise 
The effect of protein is almost not existing. For Time Trials there is a negative effect. Also it slower 
the gastric emptying. So protein intake during exercise does not make sense. 
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Nutrition and Recovery 
Different aspects in recovery: 

• rest and sleep�
• nutrition 
• "cool-down”, stretching�
• massage�

• hydrotherapy�
• psychological interventions  
• and mor

Also nutritional aspects can be differentiated in three aspects: 

• Fluid (and sodium) for rehydration: 
Replace fluid and electrolyte of electrolyte-loss, sodium speeds up the rehydration 

• Carbohydrates (and fat): 
Replenish energy / glycogen stores, support immune system  

• Protein: Protein synthesis and muscle building, improved performance recovery 
What is the most important aspect is depending on how you train and your goal. 

Fluid and Sodium for Rehydration 
In the study the athletes were dehydrated in heat (32°C) up to 2% body mass loss. The 
rehydration was done by drinking 50%, 100%, 150% or 200% of sweat losses. 

 

  
The best rehydration should be around 150% of the sweat loss. The amount that is drunken to 
much is compensated by the urine outtake.  
In the case with high sodium (61mmol/l) the intake was more than the previous loss during 
dehydration (upper graph).  
Alcohol has an negative effect and milk an possitiv effect on rehydration. 
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Short-Term Rehydration Disadvantageous  Supporting  

fluid volume ≤100% of net losses  150% of net losses  

drinking pattern  single bolus  repeated drinking  

sodium intake  low  moderate to high  

carbohydrate intake  low  moderate to high  

alcohol  always  -  

milk  -  + 

temperature of drink  ?  ? 

In general the rehydration is equal to the previous dehydration. Also the rehydration is 
identical in cooler environment. Also the effect of drinking is better, when you drink regularly 
instead of all at once. 

Carbohydrates and Fat 
Studies showed, that the recovery is to less with low-carb diet of 40%. The athletes had to 
perform three days in a row the same exercise (training of 2h). The control group (70% CHO) 
the performance stayed almost the same. 
In the perceived effort was much higher in the low-carb-diet. Also the subjects were not able 
to complete the exercise. 
Short-term Glycogen Storage 
The short-term glycogen storage and glycogen resynthesis is highly depending on the the 
CHO dose.  
Also protein in the recovery is not helping to refill the glycogen stores. The only significant 
factor is the amount of energy of carbohydrates taken in.   

 
Since the intake of carbohydrates is imitated by the digestion, we need to find the optimal 
amount of intake.  
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Timing of the Carbohydrate-Intake 
The intake oft he CHO should be as soon as possible after the exercise. At least it should be in 
first 30-60 min.  In this phase the the resynthesis can be up to 25 mmol/kg ww/h 
The typical resynthesis rates over 4-5h is around 8-10 mmol/kg ww/h. 
The resynthesis rates in the 24h are 4-5 mmol/kg ww/h.  
Its important that the GI is high. The absorption-rate is not the critical point. So you should 
take at least 1 g/kg/h. Intermediate post-exercise feeding with sufficient CHO. Also the 
feeding should bee in a high frequency. Also the carbohydrates should be sufficient in over 
24h. This makes possible to recover the glycogen stores in 24h.  

• Muscle glycogen level after exercise 
Low level boosts resynthesis  

• Carbohydrate supply for maximal glycogen resynthesis 
1.0 to 1.2 g CHO / kg BM / h over 4 h or until normal meal, thereafter normal daily 
carbohydrate  

• Carbohydrate supply (timing)
Resynthesis is faster immediately after exercise particularly relevant when recovery 
time is short / limited  

• Carbohydrate supply (feeding pattern) 
High interval feeding (e.g. every 15-30 min) supports glycogen resynthesis  

• Other nutrients 
If carbohydrate quantity is suboptimal (e.g. ≤0.8 g/kg BM/h), additional protein (e.g. 
0.4 g/kg BM/h) increases glycogen resynthesis 

Reference Value for Carbohydrates 

Mode  Activity Daily CHO Amount 

Daily Needs For Fuel And Recovery 

Light  Low- intensity or skill-based 
activities  

3-5 g/kg body mass 

Moderate Moderate exercise program 
(about 1h/day) 

5-7 g/kg body mass g/kg 
body mass 

High Endurance program 
moderate to high intensity 
(About 1-3 h/day) 

6-10 g/kg body mass 

Very high Endurance program 
moderate to high intensity 
(more than 4-5 h/day) 

8-12 g/kg body mass 

Acute Fuelling Strategies 

Speedy refuelling  < 8h recovery between two 
fuel demanding sessions 

1.0-1.2 g/kg/h for first 4h 
then resume daily fuel needs 
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Intramyocellular Triglycerides 
The recovery is significant higher with a high fat diet (55E%) than with a low fat diet (15 
E%). Protocol six trained and sic untrained athletes where asked to perform 120 min at 50% 
VO2peak. 

Proteins 
Protein Content Of The Human Body 
The protein and amino acid content of a 70g athlete are around: 

 Protein Content Free Amino Acid 

Total ~12 kg 200 -220g 

In Muscles ~7 kg  ~120 g 

In Blood ~200 – 300g  ~5g 

 
Recommendations for Protein Intake In Sport 
“Protein intakes in the range of 1.3–1.8 g/kg/day consumed as 3–4 meals will maximize 
muscle protein synthesis.”  

• This is quite independent of the sport
• Relatively good evidence that more does not help more 
• «Increased» protein may be necessary e.g. during weight loss.  

For most important aspects for muscle anabolism are: 
I. Exercise/Training stimulus 

II. Energy balance 
III. Protein (quality and quantity) 

Protein Balance  
The protein synthesis and breakdown is always running at the same time. The critical question 
is, where the balance is. The synthesis is much more variable than breakdown. The the focus 
is mostly on the synthesis only.  
So it important that the synthesis is higher than the breakdown. The synthesis can be 
stimulated by energy and protein intake. 
With fasted rest and fasted exercise the net protein synthesis is negative. With amino acid 
intake the net protein balance is positive. With exercise in both case the net balance is higher 
with exercise. Casein is better than whey-protein. 
As long as there is are no AS supply, protein balance will remain negative.  
Dose Response 
Effect of a dose of essential amino acids (EAA) on MPS in young subjects Measurement: 
over 3.5 h at rest. So ~10 g EAA (corresponds to ~20 g protein) is sufficient to maximally 
stimulate MPS over 4 hours. 
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There is no significant difference between young and elderly persons. 
Timing of Protein Intake 
The study performed a trainings phase of 10 weeks with resistant trained athletes.  
Carbohydrate and protein shake consumed, either: 

• immediately before and after exercise (PRE/POST), lunchtime  
• 5 h away from training in the morning and evening (MOR/EVE)  

Daily protein intake was the same. 
For bench press and squats the change in performance was significant higher with the 
PRE/POST-protein-intake than with the protein-intake during meals. For deadlifts we found 
the same result but it was not significant. 
For elderly persons the strength gains were also higher for protein-supplement immediately 
before exercise. 
Hydration and Protein Balance 
«An increase in cellular hydration acts as an anabolic proliferative signal, whereas cell 
shrinkage is catabolic and antiproliferative....»  
Overfeeding with different Protein-Levels 
Positive energy balance over 8 weeks by 140% of normal energy supply and 3 different 
protein levels: 

 Protein Fett CHO 

 26% (3.0 g/kg/d)  33%  41% 

 15% (1.8 g/kg/d)  44%  41% 

 6% (0.7 g/kg/d)  52% 42%  
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Sufficient (but not extreme) protein is necessary with positive energy balance. Untrained 
without training intervention. 

Proteins and Weight Loss 
Weight loss is the total amount of reducing body mass: 
 

Δ"#$%	'()) = 	ΔFat	Mass + 	ΔMuscle	Mass		 
In body weight loss the goal always should be to to loose only fat mass. There are some 
exceptions. Since its not possible to lose weight without loosing lean mass (muscle, ect.) the 
lean mass loss should be minimized.  

Studies with obese subjects showed, that the total 
weight loss is higher with a high protein diet than with 
a high carb diet. Also the fat loss is higher with the 
high protein diet. The lean loss is higher with the the 
high carb diet. The total amount of calorie intake is the 
same. So for obese persons it is advantageous to have a 
diet with high protein and low carb. 

 

An other study tested the the weight loss for athletes. This study showed, that the body mass 
loss was higher for the control-group (1.0 g/kg/d) was significant higher then the body mass 

loss for the high protein diet 
(2.3g/kg/d). In both groups the fat loss 
was nearly the same.  But the lean 
mass loss was high significantly more 
for the control group than for the high 
protein group.  

 

 

So the goal to minimize the muscle loss is in both case reached by a high protein diet. 
Other factors that are that influence the weight loss is the body fat percentage and the 



Nutrition  & Performance HS 2015 Damian S. Amrein 

 22 

energy restriction. 

So protein during weight loss is advantageous because: 

• Less reduction of basic metabolic rate  
• Reduction in appetite with increasing protein  
• Increased thermic effect of food of protein vs. carb/fat  
• Maintenance of muscle mass = basic metabolic rate remains higher functional 

performance remains higher 
So the comparison for calorie restriction: 

   Energy Restriction Protein 

Endurance 
Athlete  

75 kg Normal 5000 kcal  15% 187g 2.5 g/kg 

  diet 4000 kcal 20% 15% 150g 2.0 g/kg 

  diet 3000 kcal 40% 25% 187g 2.5 g/kg 

        

Athlete  75 kg Normal 3500 kcal  15% 131g 1.8 g/kg 

  diet 2100 kcal 40% 15% 79g 1.1 g/kg 

  diet 2100 kcal 40% 25% 158g 2.1 g/kg 

        

Athlete (female) 60 kg Normal 2300 kcal  15% 86g 1.4 g/kg 

(non endurance)  diet 1380 kcal 20% 15% 52g 0.9 g/kg 

  diet 1380 kcal 40% 25% 104g 1.7 g/kg 

        

Overweight  85 kg Normal 2000 kcal  15% 75g 0.9 g/kg 

  diet 1600 kcal 20% 15% 60g 0.7 g/kg 

  diet 1200 kcal 40% 25% 90g 1.1 g/kg 

So we see that especially for overweight persons its not easy to reach the level of ~2.0 
g/kg/d protein. 

The „Ideal“ Recovery Meal 
Remember that the perfect meal is always depending on individual needs. So values can be 
approximated by: 
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• Protein: 10 to 20-25g for 3-4 (higher value if protein synthesis/muscle building is 
important) 

• CHO: 0.5 – 1.2 g/kg BM for each (lower values for high intensity/low volume 
resistance exercise, sprinting and weight maintenance. 
higher value for endurance training, hard circuit session or other glycogen depending 
exercise and weight gain) 

As recovery meal you can just use a recovery shake (2 CHO: 1 protein or 1:1), chocolate 
drink (2:1) or a sandwich. The only important aspect is, that you can eat it in the fist 30 
min after the training. Else it can be 90 min between training and the dinner. Also you loose 
90 min of recovery time. So you miss the catabolic phase to eat. Also it can lead to problems 
with eating or that the athlete is to tired to eat enough.  

 
Ideally the total intake of an athlete with 70 kg and 2-3h intensive training need around 3200 
kcal. This is around 478g (6.8 h/kg) and 141 g (2.0 g/kg). 
Protein and Performance 
The recovery and the resulting performance is depending on the rest you get. If you get 
enough rest (6 h after 60 min TT) the recovery is better with CHO only than with CHO and 
Protein. 
For performance three days in a row and one more day after the rest day the performance is 
better with a combination of CHO and protein than for CHO only. 
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Diets in Sport 
Preparing for Competition 
History of Carbo-loading: 

1967 3 day depletion 3 day loading 

1981 Normal diet 3 day loading 

2001 Normal diet 1 day loading 

The goal of the preparing competition nutrition is the adaption to increase the fat oxidation 
to spare glycogen and improve performance. 

Possible Strategies  
• Short-term high fat / low carb adaptation (e.g. 1-3 days) 

Reduced performance  
• Longer high fat / low carb adaptation (e.g. > 5 days to some weeks) 

Adaptation possible, but no performance benefit  
• Short-term high fat / low carb adaptation with carb. restoration  

No real performance benefit (up to some few hours duration of competition) 
Potential Drawbacks for high intensity capabilities 

• Low glycogen training 
Clear metabolic effect. 
No performance effect shown in scientific studies. 
Potential Drawbacks. 

Carbohydrates are out main full. The fat-oxidation is getting higher, if the glycogen store is 
lower. But the performance is less good compared to the performance with a full glycogen 
storage. This is the case in short- and long-term adaption. 
For a fat adaption and CHO restoration the fat oxidation is much higher but the time-trail-
performance is staying the same. 
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A lower power-output is done in a sprint session after fat-adaption. This is the case because 
the carbohydrate-pathways are down regulated with fat-adaptation. In fact, the fat 
metabolism is increased and the carbohydrate metabolism is reduced. 
Low Glycogen Training 
In low glycogen training the CHO-intake is not lower. The intake is just done after the 
training to have a lower glycogen during the exercise. 

 
Massive adaptation to a high fat-oxidation and also for the key-enzymes of the fat-
oxidation. In the power-output and the time-trail-performance there is no effect. 
Variation in different nutrients intake stimulates different metabolic pathway.  
Drawbacks of low glycogen and low carb 

• Increased risk of overload / overreaching / overtraining  
Apply only intentionally and at selected time points  
Increased training and low carb / low glycogen not at the same time (e.g. training 
camp) 

• Reduced exercise intensity + increased RPE 
Risk of too low self selected exercise intensity  

• Reduction of carbohydrate metabolic pathways  
Reduced high intensity performance capabilities  
Do not use close to competitions, at least for competition times of less than about 3-5 
h, for longer events: unknown 

Misunderstanding of low carb and low glycogen 

• Low glycogen does not mean low carb 
So the carbohydrate intake should still be normal high in 24h. Just the timing relating 
to the training is changing. Do not reduce the carbohydrates 

• Low carb does not mean low energy 
in low carb studies the energy is always compensated by fat and protein. Low carb is 
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not automatically a lowered carbohydrate intake. Not compensating can be detrimental 
for health and performance. 

Sleep low 

The latest Approach: Withhold carbohydrates after evening training to stay "low" over night.  

• Increased fat oxidation in the FASTED trial during next morning SS exercise  
• No effect on markers of mitochondrial biogenesis 
• Some effects on DNA methylation that correspond with invers changes in 

transcription for metabolically adaptive genes. 
"Whether our novel, delayed post exercise feeding and sleeping with reduced muscle 
glycogen protocol when incorporated into a periodized training program undertaken over 
several weeks could provide an additional stimulus to enhance the normal adaptive responses 
to training remains to be determined."  

 

Drawbracks of sleep low 
The drawbreaks are potentially the same than with low carb or low glycogen. In practice if 
athletes reduce 24h carbohydrates, intentionally or unintentionally, the problems become the 
same.  
Also ther is may an impaired recovery 

Conclusion 
Athletes should never do low carb, low glycogen or sleep-low intervention their own. Low 
carb, low glycogen and sleep low are definitely very interesting strategies but practical 
application is a bit more differentiated than in the studies. They are for sure no long term 
strategies. But carefully selected in trainings or trainings period of some few weeks it can be a 
new trainings intervention. So in fact its an alternative training stimulus for elite athletes. But 
we need more data. 
While preparing competition carbo-loading without fat adaption is useful for all endurance 
events. For extreme endurance a carbo-loading with fat adaption may be useful. But the 
individual response and tolerance needs do be tested. 
During competition (field sports and all endurance) the carbohydrates should be optimized. 
Maybe caffeine supplementation can be useful. 
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Supplements 
«Food supplements are concentrated sources of nutrients or other substances with a nutritional 
or physiological effect whose purpose is to supplement the normal diet. »   
Its not always so easy to differ between supplements and real food. So by example between 
sweet tee and and isotonic drink or between a shake and a chocolate drink. 
The supplement is only part of the sport nutrition. It should never replace a normal and 
healthy diet. 
So the nutrition ins sport is separated in three part: 

• „Basic“ nutrition guidelines 
o Long-term health, general nutrition guidelines  

• Sport specific adaptations  
o energy needs (quantity of food)  
o pre competition needs  
o fuelling during training- and competition  
o recovery needs  
o weight control  

• Specific supplementation  
o For specific individual needs • for directed sports specific needs  
o for special situations 

The Risks of Supplements 
Supplements have chances and risks. The biggest risks for athletes is to find the information 
that are really relevant for him.  The supplement producer often tries to trap the athlete.  
Also on the international market in 20% of the supplements are contaminated with anabolic-
androgenic steroids. 
There seem to be two different causes of contamination. One is simply poor practice on the 
part of manufacturers. In other case it seems likely that unscrupulous manufacturers may have 
added active ingredients (steroids) to products that are otherwise unlikely to be effective.  
Some products have been shown to contain lead, broken glass, animal faeces, ephedrine, 
steroids and more. 
The regulations that govern the purity of dietary supplements are very different from those 
relating to pharmaceutical products...  
Dietary supplements are not currently evaluated by regulatory agencies in most countries, and 
inaccurate labelling of ingredients is known to be a problem.  
The MAJORITY of products fail to meet the expected standards.  

Responsibility  
• Athlete is fully responsible
• Athlete must inform himself about possible risks 
• There is no excuse  

 
	 If it works, it‘s probably banned

II. If it‘s not banned, it probably doesn‘t work 
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III. There may be some exceptions  
There is a problem, where you should find the right information. By example you can find 
neutral information is on „antidoping.ch “. 

Some advice for athletes and coaches  
• Consider only Substances of the A-List (supplement guide)  
• Consider only local manufacturers you know and you trust  

o Domestic Swiss market seems to be relatively safe  
o Consider only well known suppliers, which deal only with legal substances  
o Never: internet orders (except using the direct website of your Swiss 

supplier) 
• Information source should be independent of supply source  
• Be very careful with:  

o Information provided by suppliers  
o Internet in general  Unknown manufacturer or supplier  
o Exaggerated promises  
o Product containing substances not explicitly mentioned on the A-List of the 

supplement guide  
o Mixtures of many substances  
o Stories like: „2 scientists of XY-university have uncovered a secret new 

product, boosting... “  

Placebo effect 
The effect of placebo on caffeine or on pain-drugs are also very impressive.  
To believe in anything may bring a small placebo effect, but may increase the risk of 
undesired or unknown side effects carries the risk of contaminated supplements. 
But most importantly may distract your focus and resources away from things that really help. 

«Sport Food» (energy delivering products) 
Examples are Sports drinks  gels  bars and recovery products. 
Sport drinks 
The relevant ingredients are water and carbohydrates. Also may useful are salt (sodium), 
caffeine and the taste. Often unnecessary are vitamins, minerals, amino acids, proteins, acids 
and more.  
Sports food may be/offer 

• good gastrointestinal tolerance 
• fast digestion 
• non perishable 
• easy manageable...  
• convenient source of energy / carbohydrates / protein  

The value of sport foods is the possibility of consuming carbohydrates, protein and energy 
with low risk of GI problems and in a convenient way before, during and after sport, which 
supports optimal nutrient timing related to training. 
Often it is not primarily about the ingredients per se, it is more about the convenient way of 
handling and consumption.  
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Possible disadvantages 
You may miss fibres if you overdo it with sport foods and you supplement the whole food by 
supplements. Also you can very easy over food and you gain body mass. A Vitamin and 
mineral overdosing is possible because all sport foods are enriched.  
The individual tolerance is may not given. Especially for the GI side. Also the supplements 
take a lot of recourse because they cost a lot. 

Creatine 

 
Creatine sources 
In meat a fish we can find 4-5 g creatine per kilogram. In milk there is only around 0.1 g per 
litre. Also Creatine can be synthesised in liver and kidney from arginine, glycine and 
methionine.  
 

 
Requirement 
A man with 70 kg need around 120g creatine in his body. Per day 1-2 g creatine is degraded. 
The daily synthesis u also 1-2 g.  

• Also its known that: 
Muscle creatine content of vegetarians is lower  

• No „deficiency syndrome “ 
• The effect of substitution is bigger for vegetarian than for non-vegetarian. Eating meat 

is a low level creatine supplementation 
Possible mechanisms on performance 
Creatine plays a roll in the ATP resynthesis. The effect is significant in sprint performance but 
in endurance performance very little. 
Possible effects on repeated high intensity sprint performance (~ 6-30 s duration) with short 
recovery (~20 s - 5 min):  

• Reduced decline in performance over time 
• Longer or harder interval trainings possible  
• Sprint- and Team sports  
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Effects on muscle mass 
Good evidence that creatine can help increasing muscle mass. 

• Mechanism 1: 
The creatine concentration in the cell increases and water is following. This increasing 
hydration and the „cell pressure”is an anabolic signal  

• Mechanism 2: 
Probably higher training loads are possible 

Loading protocols 
• Fast load: 

4x5 g/d for 1 week
then 2-3 g/d for maintenance  

• Slow load: 
3(-5) g/d for 4 weeks
then 2-3 g/d for maintenance 

The ingestion after training and with 50 – 100 g carbohydrates can help to support the 
transportation into the muscle cells. But you should not take extra carbohydrates for the better 
intake. Its enough to take the creatine with the meal. 
For the fast loading the maximum load is reached after 2-3 day and for the slow loading it 
takes a little bit longer. The storage is unloading without maintenance dose. For a normal 
athlete 2 g/d should be enough as a maintenance dose. 

Creatine plasma kinetic 
The higher the plasma response, the higher the urine loss. Faster plasma response is rather a 
disadvantage. 
There are some new creatine sources. The Kre-Alkalyn and the Creatin Ethyl Ester. They are 
more stable than normal creatine (creatine monohydrate). This results in better results or are 
„more effective“ than normal creatine. The normal creatine degrades faster.  
But this Kre –Alkalyin und CEE are high risk supplements. There is no rational explanation 
why it should be better. 
Creatine: Conclusion 
The effect on the performance and muscle mass are well documented and the physiological 
explanation are explained. The limited data show no obvious side effects. 
The only reasonable form of creatine is the creatine monohydrate. 
In the short term the weight gain is 1-2 kg (water) and in the long term the weight gain of 
several kg of muscle mass is possible. If the weight gain is helpful for the sport, its helpful to 
take creatine.  
The weight gain in sport is positive in sports where the absolute power is important. If the 
relative bodyweight is critical, its better to be careful with creatine. In endurance sports the 
weight gain is highly problematic.  
Anecdotal reports about muscle cramps, hard muscles, muscle pain, injuries are scientifically 
not supported. But hardly any data from elite athletes and the most studies are to short to 
detect side effects. In practice we do find serious problems like tendon problems, injuries and 
weight gain compromising.  
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For some athletes it works, for some it does not (non responders ~30%) and for some it is 
obviously detrimental. 
So its important that creatine is carefully tested and implemented by athlete AND coach. 
Be very careful with young athletes	 It can be very useful for well trained athletes 
reaching a performance plateau. 
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Interactions of Nutrition and Performance in older Adults 
Accidents because of falling 

• 80000 older people (≥65 years) have an accident (76 per 1000) 
• the most accidents come from falling (83% 
• this costs us 3 billion CHF per year 
• 30% - 70% are happening while walking 

 
Sarcopenia 
A progressive process of age-related muscle-mass-loss. We talk about sarcopenia when the 
muscle mass index (MMI = appendicular skeletal MM [kg]/height2 [m2]) is at least two 
standard deviations lower then the MMI of younger population. 
It comes mostly from an atrophy of the type II skeletal fibres. The type I are more preserved. 
Important factors for this muscle loss are chronic undernutrition and aging, disease and 
medication. 
Studies showed a significant difference in leg power in fallers and no fallers but no 
difference in leg strength. 
Potential Sarcopenia Pathogenesis: 

• Muscle morphology  
• Satellite cells  
• Muscle contraction  
• Muscle protein & hormonal kinetics  
• Oxidative stress  

Dynapenia 
The dynapenia is defined at age-related loss of muscle strength and –power. 
The first is the nervous system impairment and the second is the muscular system impairment. 
Both lead in the same functional limitation and physical disability.  
This can be treated by high-intensity resistance training.  

Neuronal Changes and Falling 
Loss of 15% of cerebral cortex and 25% of cerebral white matter between ages 30 and 90. 
This results in divided attention. It could be a point of attack fort he preventive treatment. 
Muscle Morphology 
Changes in in myofibrillar protein isoform expression observed both in slow- and fast-twitch 
muscles were found. This leads to muscle contraction changes on structural, functional and 
biomedical levels. 
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Type II fibres decreases especially. Also an higher level of creatine and phosphocreatine is 
needed to resynthesize ADP and maintain ATP. 

Muscle Protein Synthesis 
In the muscle protein synthesis mammalian target of rapamycin complex (mTORC) 1 
pathway is the critical regulator. While resistance exercise the MPS increases and the 
mTORC1 signalling is enhanced (erweitert). 
The human muscle protein synthesis can be increased by resistance and aerobic exercise. 
Blood Flow Restriction 
Recent studies with low intensity (20-50% 1RM) resistance training and blood flow 
restriction to the working muscle showed similar in muscle size and strength as 
traditional, high-intensity resistance exercise. 
The BFR-exercise could be a potential countermeasure in the treatment in sarcopenia. Also it 
could be extended to other clinical population. 

 
 The main influences of the mTORC 1 are EAA, Growth Factors like insulin and mechanical 
stimulation. So insulin resistance has also a negative influence on the muscle protein 
synthesis.  
Resistance Training and EAA Ingestion 
With EAA ingestion and a following resistance exercise results in greater increase in MPS 
rates. The rest of the exercise is performed in the fasted state. It creates a larger positive 
protein balance by increasing the difference between the rates of MPS and MPB. 
A maximal MPS response with EAA given after resistance exercise is attributed to 
increases in intracellular availability of amino acids, particularly leucine, and 
subsequently, the activation of mTORC1 signalling. 
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It is apparent that ingestion of EAA following a bout of resistance exercise can enhance the 
muscle protein anabolic response as compared to resistance exercise alone or EAA ingestion 
at rest.  
We can also find an age-related difference in the response of the muscle protein 
synthesis an anabolic signalling to the EAA in combination with resistance exercise. 

TBI Model: How Exercise and Food to Neurological and Cognitive Disorders 
In cases of neurological deficit without neuronal degeneration the signalling and synaptic 
transmission is may the cause of the deficit.  
As a consequence of this energy dysfunction the therapeutically approaches that rely on 
exercise become less effective.  
This metabolic dysfunction, membrane damage and subsequent synaptic dysfunction are not 
exclusive for TBI. These are common features in most neurological disorders. Some dietary 
intervention can reduce the energy dysfunction. 
Voluntary exercise elevated the expression of genes that are associated with the actions of 
BDNF and IGF-system. 
Hippocampus, Exercise and Learning 
This seems to come from a disrupt hippocampal function, witch plays an important roll in 
attention, learning and memory. 
But the hippocampal neurogenesis can be regulated by environmental factors. One of the 
main neurogenic component is physical activity. Exercise-induced neurogenesis is correlated 
with improved learning and memory. 
BDNF (Brain derived neuronal factors) function 
A proper BDNF function is necessary for learning and memory. In some Fluid Percussion 
Injury (FPI)  the level of BDNF levels in the hippocampus is reduced. This can be 
counteracted by exercise and omeg-3- fatty acids supplementation.  

Microstructural Changes and motor Training Regimes 
No skilled Training 
In overlearned, automatic or endurance based tasks the number of capillaries in cerebellum 
and motor cortex. No change in motor cortex topography, synapses number or glial cells were 
find. 
Skilled Training 
In task that require a high amount of attention guidance the synapses and neurones in 
cerebellum and motor cortex was found. Also the glia and neuron cells in cerebellar cortex. 
The cortical motor maps were expanded. 
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Exercise, Nutrition and Brain 
Data has shown that physical activities can reduce a number of physical and mental disorders. 
Several cancers but also Alzheimer’s, depression and anxiety are examples. In general  
Nutrition and exercise are used as interventions to reverse these possible negative health 
effects. Also brain functioning is influenced trough exercise and nutritional intervention. 
So its clear that the exercise has a positive effect on cognition. Also it can delay the declines 
oft he cognition with age. 
Also there is evidence that overweight is associated with a poor academic performance and 
several chronic diseases.  
We will see that a combination of nutrition and exercise shows the best benefit.  

Aerobic Exercise 
Aerobic fitness has also been linked with cognition and academic achievement. School 
performance seems also to be affected by the general physical condition.  
In studies the intervention group performed 2-3 times the week 40 min of walking. The 
control group performed the same amount of stretching. This is needed because of de social 
interactions and the learning oft he movement. The intervention was 1 year with 60 subjects 
per group with persons between 65.6 and 67.5 years. 
Super-compensation is also going on in the brain. But there is a difference. The supper-
compensation is faster in the brain. Already after 6 hours. In the muscle is 24 hours.  
After exercise the brain activity is reduced. 

Hippocampus As Center Of Learning 
In this study it was clear, that the hippocampus increased in mass. So the hippocampus still 
remains plastic in late adulthood. 
In physical fit children the hippocampus is greater compared to non-physical fit age-related 
children. 

Fuel of the Brain 
To create and maintain connections the the brain need enough nutrients. These connections 
are critical for critical form improved cognition and academic performance.  
The building material of the brain are omega-3 fatty acids. Diets with high sugar, sutured 
fat and calories elevate oxidative stress and reduce synaptic plasticity.  
Also breakfast is associated with several positive effects. 
The brain uses around 130g glucose per day. At rest a high percentage of available glucose. 
Glucose is stored in astrocytes is stored in the astrocytes. 
Lactate is the primary energy source for neurons. The astrocytes convert the glucose into 
lactate witch is the fuel for the neurons. 
Also we find reduced beta-activity, cerebral blood flow and reduce central drive while high 
intensity cycling.  

Brain and GI-Tract Signalling 
To make decisions the brain keeps track of internal nutrient availability. The signals are 
gathered trough the GI tract. 
After food intake the information will come to he thalamus. Here the information are checked. 
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So the GI-tract have several sensors: 

• Chemosensors and sense-sensors in the mouth cavity  
Salt, sweet, glucose 

• Stomach : volume and fat-sensing: 
Ghrelin is a hormone of hunger 

• Pancreas : Sugar  
Insulin, Glucagon,  

• Bowel : macronutrient-specific encoding  
Fat, proteins, fluid 

Caffeine and Maltodextrin 
• Orbitofrontal Cortex: 

Reward, Attention, Control emotional stimuli, „limbic“ 
• Dorsolateral Prefrontal Cortex: 

Working memory, excutive function, attention, reward 
Neurotransmitters Systems 
The most important neurotransmitters are serotonin, dopamine, noradrenaline, acetylcholine, 
GABA, glutamate and much more. 
With the L-tryptophan pathway to the serotonin an amino acid become an important 
signalling transducer.  
Also dopamine is produced in the biosynthesis from tyrosine and L-DOPA.  
So the synthesis of the neurotransmitter is related: 
Tyrosine -> (Hydroxylase) -> L-DOPA-> (decarboxylase) -> Dopamine -> (Hydroxylase) -
> Noradrenaline -> (Methytransferase) -> Adrenaline 
Depression is coming from a low serotonin level (chronically). Dopamine leads to Parkinson 
decease. 

Nutrition and Cognition  
Polyphenols 
Flavonoids are stimulating because they are in berry’s and our predators needed to 
remember. Also chocolate is good fort he brain 
To learn you need to do connections. More than one influence. Combine things. 
Cacoa-flavanol intake increases the cognitive performance and cerebral blood flow in rest and 
after exercise.  
Everyday thousands of new cells are added tot he mammalian brain. This shows that a 
considerable structural change possible. 
Polyphenols are abundant micronutrients in plant-derived food and are powerful antioxidants. 
They decrease oxidative and inflammatory stress signalling and increases protective 
signalling and neurohormetic effects.  
Flavonoid intake was associated with better cognitive performance at baseline ant rith a better 
evolutional performance over time. The maximum effects where reached with 10 g chocolate 
per day, 75-100 ml/day red wine. For green tea it was linear. 
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BDNF: Brain derived neurotropic Factor 
Neurotropic has an important role in survival and protection of neurons. Also it provides 
changes in synapse.  The highest concentrations we find in the hippocampus. 
Voluntary running enhances the survival of new-born neurons cell proliferation or in 
neurogenesis (4 weeks old cells).  
Also BDNF increases in peripheral blood due to exercise. A high fat-diet reduces the 
hippocampal concentration of BDNF. Resistance training does not increase the BDNF. With 
endurance training the BNDF is significant higher.  

Central Fatigue Hypothesis  
Fatigue can be defined by an acute impairment of exercise performance, which leads to an 
inability to produce maximal force output. This comes possibly from an accumulation of 
metabolic substrates. This lead mostly from neurotransmitters, especially the monoamines. So 
5-HT.  
We find more tryptophan in the brain during exercise, what is increasing the central fatigue. 
The entry of tryptophan (precursor of 5-HT) is increased during exercise. The use of BCAAs 
by the muscle is decreasing the rate and the co-carriers transport more tryptophan into the 
brain. So more tryptophan crosses the blood-brain-barrier and the level of 5-HT is increasing. 
Nutrition and Fatigue 
Hydration Status 

Also the hydration status can have an effect on the brain. Dehydration and hyperthermia also 
opens the blood-brain-barrier. We find a cognitive compensation for increasing tiredness and 
reduce alertness during slowly progressive moderate dehydration. 
This results in an higher neuronal activity.  
This might have an implication in team sports and those sport in which decision making is 
important. 
BCAA: Branched-Chain Amino Acids 

The BCAAs leucine, isoleucine and valine are involved in the synthesis of engery production 
proteins, 5-HT dopamine and noradrenaline, which are divided into the aromatic amino acids 
tryptophan, phenylalanine and tyrosine. 
Tryptophan injection I the peripheries is increasing the level of serotonin in the brain. BCAA 
are blocking the travel of tryptophan in the brain and the serotonin-level in the brain is is 
staying low or decreasing it. 
But BCAA intake does not seem to be efficient to prevent fatigue.  
Tyrosine 

Tyrosine, which is synthesized in the body from phenylalanine, can reduce many adverse 
effects of acute stress on cognitive performance. 
The brain requirement may be greater with the cumulative demands of exercise and heat 
stress and may become limiting for dopamine synthesis and release. (Tyrosine as a precursor 
of dopamine). 
Carbohydrates 

By a higher intake of carbohydrates, we try to increase or maintain the substrate delivery into 
the brain. A number of studies have shown that hypoglycemia affects brain function and 
cognitive performance.  
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But no effect was found by a direct glucose infusion. Also the brain glycogen might have an 
influence on the long-during exercise performance.  
In mouth rinse (maltodextrin) studies the time until exhaustion was increased.  
Caffeine 

Caffeine enhances endurance performance. A low dose is already enough (3-6mg/kg) and the 
effect is long lasting. We do not find a real dose response. Tolerance is developed in repeated 
use. Caffeine is able to cross the blood-brain barrier without difficulty. 
Caffeine competes with the adenosine at the receptor side and might increase the secretion of 
beta-endorphins. Also it constricts the cerebral blood vessels. Adenosine inhibits the release 
of dopamine. Therefore, caffeine induces a higher dopamine concentration in the brain. 
Caffeine improves the MVC strength and muscular endurance. But there are also several side 
effects. 
For the effect of caffeine there are possible central mechanism: 

• increases tremor 
• improves sustained attention 
• reduce the symptoms of fatigue 
• reduces skeletal muscle pain during exercise 
• reduce force sensation and perception of effort 
• increases motivation sustain effort 
• can also have an placebo effect. 

Probably there are more mechanism. The most likely for the effect of caffeine is a 
combination of several mechanisms. 
Manipulation of the Brain 
Neither tryptophan, neither BCAA and neither tyrosine is increasing the brain 
performance. Tyr ingestion might improve stress-induced cognitive and behavioural deficits. 
With Methylphenidate (Ritalin) the time trail performance is significant better. But 
there is a big placebo effect on performance. Also good looking girls can have a positive 
effect on performance.  Ritalin, Cocaine and other Drugs are down-regulating the heat-
regulation. 
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Eating disorders in Sport 
Problematic Weight Loss in Competitive Sports 

• Inadvertent, low energy intake 
• Restrained/Restrictive Eating 

o Low Energy availability in sport 
• Disordered eating/Eating Disorders 

o Pathogenic weight loss approaches 
o Spectrum of eating disorders 

• Rapid Weight Loss (RWL) Techniques 
• Energy and fluid restriction 

o Low sodium, fiber, residue 
o Dehydration methods 
o Pathogenic weight loss approaches 

In most spots the eating disorders are existents. Mostly in weight sensitive sports and 
aesthetic, judging and leanness sports like ice scatting. We need a good supporting system. 

Classification of Eating Disorders 
• Anorexia Nervosa (1%) 

We find a significant low body weight due to restriction of energy intake. Amenorrhea 
is no longer criteria. 

• Restrictive Eating 
• Norman Eating 
• Binge Eating Disorders 

Binge eating >1/wk for 3 month. Lack of control and guilt. It is the first step to 
bulimia nervosa. 

• Bulimia Nervosa 
• Binge eating and compensatory behaviours occurring more than once a week for more 

than 3 month 
Is pretty difficult to diagnose bulimia. The body weight is usually normal. Only the sigh of 
vomiting regularly can be recognised. Anoxia has alot more of dead than bulimia. 

Trigger of eating  
In every disorder we can find a trauma, a loss of control. In sports not winning or  trainer 
relationships can be a trauma. If we can find this trigger. 
These Triggers can be classified: 
General Factors 

• Female 
• Adolescence and early adulthood 
• Western society 

(already white Americans have an higher risk for anorexia nervosa than African 
Americans) 

Individual Factors 

• Family: 
o Eating disorders in any type 
o Depression 
o Substance mususe 
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o obesity 
• Pre-morbid experience 

o Advance parenting 
o Family dieting 
o Physical or sexual abuse 
o Comments about weight, shape, body 
o Occupational/ recreational pressure to be thin 

• Pre-morbid characteristics  
o Perfectionism 
o Low self-esteem 
o Anxiety and anxiety disorders 
o Early menarche 

Sport-specific Factors 

• Emphasis on body weight for performance/appearance 
• Pressure to lose weight 
• Drive to win at any cost 
• Self-identity as an athlete only 
• Early onset of training or sudden increase in intensity/volume 
• Exercise through injury 
• Traumatic events 
• Vulnerable times 

Gender Difference in sports 

We find a big gender difference in sport. Already the clothing is pretty different. 
Physical effectiveness in male and physical attractiveness for female. Also the judges should 
be studied if they also consider the body shape. 
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Weight Category Sports 

In body category sports 94% use extreme weight loss methods. These athletes are mostly in 
the lighter categories. 
To have to make the weight limits results in 2-13% weight loss and an average loss od 3-6% 
multiple times in a season. 
Some athletes lose more than 5% a body mass 24h pre-events. Already 9-14 years old athletes 
diet to compete. 
Eating disorders are common. 
Risk of Male Athletes 

Most risky for man are weight category sport. Also individual athletes in gravitational sports 
have a higher risk (ski jumping). Also endurance and fitness/body builders have an high rist. 

Medical Complications of Eating Disorders 
We find several medical complications of eating disorders. Renal und electrolyte, 
cardiovascular, intestinal, endocrine, skeletal, reproductive, dermatological, dental 
neurological, haematological and immune system can be affected.  
We differentiate between energy balance, energy availability and energy deficiency. The 
energy availability is the amount that is taken in an not used to maintain the basic functions. 

 
Guidelines for Solutions 
We need to identify an at-risk athlete. The best tools are screening, a reduction of 
performance and fatigue, stress reactions and communication. The most efficient would be to 
travel with the athletes, but this i soften not possible.  
Norway developped an collor code with green, yellow and red. In the green status full training 
and competitions are allowed with no stiputations. In the yellow status a combination of 
supervised training and an medical treatment plan is needed. We need en reevaluatio  on a 
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regular base. In the red state no participation in sports. The biggest goal is he treatment oft he 
athlete.  
Education 

1. Education improve primary/secondary prevention schemes in health professionals, 
coaches, parents and athletes 

2. Taking athletes with weight loss goals seriously and use individualized but 
standardized approaches 

3. Rule changes in some sport 
4. „no start” criteria 

A good dietary assessment is needed. The dieting, performance and energy availability always 
have to be in an equilibrium. Also when weight loss or a change of body composition is the 
goal. The weight loss should occur during off season. Bone health and biochemistry should be 
assessed.  
Increases in protein intake preserves muscle mass loss and carbohydrates maintain the 
performance. Also it should be combined with strength training. 
A weight loss, especially in adolescence, should always be initiated from the athlete never 
from the coach. Also the minimum of body fat should be around 5-12% of the bodyweight. 
For female athletes a proper menstrual cycle is good indicator.   
Regulation in Weight Class 
Weight in time. In the 2-3 weeks before the competition. Also the same weight categories 
should be found in national and international competitions. Also more weight classes should 
be  
Changing to a lower weight class should not be allowed during the season. Also a small 
overweight of 1-2 kg should be accepted during the season. Also a competition certificate is 
needed. 
 


